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©  System  for  processing  audio  PCM  digital  signals. 

A  processing  system  for  reproduced  audio  digital  sig- 
nals  used  in  an  audio  PCM  (pulse  code  modulation)  re- 
cording/reproducing  system  using  a  recording/reproduc- 
ing  apparatus  such  as  a  video  tape  recorder  having  a 
dropout-compensation  circuit  is  disclosed.  The  reproduced 
signal  processing  system  is  connected  to  receive  digital 
information  signals  reproduced  through  the  dropout  com- 
pensation  circuit  from  a  recording  medium on which audio 
information  signals  are  recorded  in  the  form  of  digital  data 
words  and  includes  circuit  means  (18,  19,  20,  21;  57,  60, 
63,  64)  for  detecting  whether  a  reproduced  digital  signal 
has  been  dropout-compensated  or  not  and  circuit  means 
(17;  58,  59)  for  adding  an  error  pointer  to  a  reproduced 
digital  signal  which  is  detected  as  being  dropout-compen- 
sated. 



The  i n v e n t i o n   r e l a t e s   to  a  d i g i t a l   s i g n a l   p r o -  

c e s s i n g   s y s t e m   a n d ,   more  p o r t i c u l a r l y ,   to  a  d i g i t a l  

s i g n a l   p r o c e s s i n g   s y s t e m   u s e d   w i t h   a  r e p r o d u c t i o n  

a p p a r a t u s   h a v i n g   a  d r o p o u t   c o m p e n s a t i o n   f u n c t i o n   f o r  

r e p r o d u c i n g   a u d i o   i n f o r m a t i o n   s i g n a l s   r e c o r d e d   on  a  

r e c o r d i n g   medium  in  t he   fo rm  of  d i g i t a l   d a t a   w o r d s  

t o g e t h e r   w i t h   t e l e v i s i o n   s y n c h r o n i z i n g   s i g n a l s .  

A  d i g i t a l   a u d i o   s y s t e m   fo r   r e c o r d i n g   and  r e p r o -  

d u c i n g   d i g i t a l   a u d i o   i n f o r m a t i o n   in  a  f o r m a t   l i k e   t h a t  

of  a  v i d e o   s i g n a l   u s i n g   an  e x i s t i n g   h o m e - u s e   v i d e o   t a p e  

r e c o r d e r   or  a  v i d e o   d i s k   a p p a r a t u s ,   has  a t t r a c t e d   a t t e n -  

t i o n   r e c e n t l y .   The  r e c o r d i n g / r e p r o d u c i n g   s y s t e m ,  

g e n e r a l l y   c a l l e d   a  PCM  ( p u l s e   code  m a d u l a t i o n )   a u d i o  

r e c o r d i n g / r e p r o d u c i n g   s y s t e m ,   can  r e m a r k a b l y   i m p r o v e  

n o i s e ,   d i s t o r t i o n ,   w o w - f l u t t e r   and  t he   l i k e .   In  t h e  

s y s t e m ,   h o w e v e r ,   due  to  s c r a t c h e s   of  a  m a g n e t i c   t a p e   o r  

a  d i s k   or  d i r t s   t h e r e o n   the   s i g n a l   d r o p o u t s   o f t e n   o c c u r  

d u r i n g   a  s i g n a l   r e p r o d u c t i o n .   In  p r e p a r a t i o n   f o r   t h e  

d r o p o u t ,   t he   r e c o r d i n g / r e p r o d u c i n g   a p p a r a t u s   such   as  a  

v i d e o   t a p e   r e c o r d e r   is  u s u a l l y   p r o v i d e d   w i t h   a  d r o p o u t  

c o m p e n s a t i o n   c i r c u i t   w h i c h   i n t e r p o l a t e s   a  d r o p p e d   o u t  

s i g n a l   w i t h   a  s i g n a l   b e f o r e   one  h o r i z o n t a l   s c a n n i n g  

l i n e .   The  d r o p o u t   c o m p e n s a t i o n   is  b a s e d   on  the   f a c t  

t h a t   a  v i d e o   s i g n a l   s u c h   as  a  t e l e v i s i o n   s i g n a l   has   a n  

e x t r e m e l y   h i g h   c o r r e l a t i o n   b e t w e e n   s i g n a l s   on  a d j a c e n t  



h o r i z o n t a l   s c a n n i n g   l i n e s .   U n l i k e   t he   v i d e o   s i g n a l ,  

h o w e v e r ,   an  a u d i o   s i g n a l   c o n v e r s e l y   is  e x t r e m e l y   low  i n  

s u c h   a  c o r r e l a t i o n .   I f   the   t e c h n i q u e   of  t he   d r o p o u t  

c o m p e n s a t i o n   fo r   v i d e o   s i g n a l   is  a p p l i e d   to  t he   a u d i o  

s i g n a l   d r o p o u t   c o m p e n s a t i o n ,   a  d r o p p e d   o u t   a u d i o   s i g n a l  

i s   i n t e r p o l a t e d   by  a  s i g n a l   w h i c h   is  no t   c o r r e l a t e d   t o  

t h e   d r o p p e d   o u t   s i g n a l ,   l e a d i n g   to  s i g n a l   q u a l i t y  

d e t e r i o r a t i o n   s u c h   as  i n c r e a s e   in  n o i s e s .  

The  PCM  r e c o r d i n g / r e p r o d u c i n g   a p p a r a t u s   has  a n  

e r r o r   c o r r e c t i o n / r e v i s i o n   c i r c u i t   a r r a n g e d   to  d e t e c t  

w h e t h e r   a  d i g i t a l   word  r e p r o d u c e d   is  in  e r r o r   or  n o t  

by  an  e r r o r   d e t e c t i n g   c o d e ,   and  c o r r e c t   t he   e r r o n e o u s  

word   when  an  e r r o r   is  d e t e c t e d ,   or  r e v i s e   or  c o n c e a l   t h e  

e r r o n e o u s   word  by  an  a v e r a g e   v a l u e   of  c o r r e c t   w o r d s  

w h i c h   a r e   a d j a c e n t   to  t he   e r r o n e o u s   word  and  have   a  h i g h  

c o r r e l a t i o n   t h e r e b e t w e e n   i f   t he   c o r r e c t i o n   i s  

i m p o s s i b l e .   In  t he   PCM  r e c o r d i n g / r e p e o d u c i n g   s y s t e m  

u s i n g   t he   a b o v e - m e n t i o n e d   r e c o r d i n g / r e p r o d u c i n g   a p p a r a -  

t u s - h a v i n g   the   d r o p o u t - c o m p e n s a t i o n   c i r c u i t ,   when  t h e  

s i g n a l   d r o p o u t   t a k e s   p l a c e ,   t he   e r r o r   d e t e c t i o n   i s  

i m p o s s i b l e ,   s i n c e   no  e r r o r   is  c o n t a i n e d   in  t h e  d a t a   w o r d  

i n t e r p o l a t e d   w i t h   t he   d a t a   word  b e f o r e   one  h o r i z o n t a l  

l i n e   p e r i o d .   T h e r e f o r e ,   t he   e r r o r   c o r r e c t i o n / r e v i s i o n  

c i r c u i t   c a n n o t   r e v i s e   t he   i n t e r p o l a t e d   d a t a   word  as  a n  

e r r o n e o u s   d a t a   w o r d .   When  a  d r o p o u t - c o m p e n s a t e d   d a t a  

word  is  p r e s e n t ,   t h e r e   is'  a  g r e a t   p o s s i b i l i t y   t h a t   t h e  

e r r o r   c o r r e c t i o n / r i v i s i o n   c i r c u i t   e r r o n e o u s l y   c o r r e c t s  

o t h e r   e r r o n e o u s   d a t a .   The  d r o p o u t   c o m p e n s a t i o n   f u n c t i o n  

of   t he   v i d e o   t a p e   r e c o r d e r   or  t h e   v i d e o   d i s k   a p p a r a t u s  

is   a l m o s t   i n e f f e c t i v e   f o r   t he   PCM  a u d i o   s y s t e m .   For  t h e  

PCM  a u d i o   r e c o r d i n g / r e p r o d u c i n g   s y s t e m   u s i n g   the   a p p a r a -  

t u s   w i t h   s u c h   a  d r o p o u t   c o m p e n s a t i o n   f u n c t i o n ,   i t   i s  

d e s i r a b l e   to   be  a b l e   to  d e t e c t   t he   d r o p o u t   c o m p e n s a t i o n  

and  to  c a u s e   the   e r r o r   c o r r e c t i o n / r i v i s i o n   c i r c u i t   t o  

p r o p e r l y   c o r r e c t   or  r e v i s e   e r r o n e o u s   d a t a   w o r d s .  

A c c o r d i n g l y ,   an  o b j e c t   of  t he   p r e s e n t   i n v e n t i o n   i s  

to   p r o v i d e   a  r e p r o d u c e d   s i g n a l   p r o c e s s i n g   s y s t e m   w h i c h  



i s   u sed   fo r   r e p r o d u c i n g   an  a u d i o   i n f o r m a t i o n   s i g n a l  

r e c o r d e d   on  a  r e c o r d   medium  in  the   form  of  d i g i t a l   d a t a  

w o r d s   by  u s i n g   an  r e p r o d u c t i o n   a p p a r a t u s   h a v i n g   a  d r o -  

p o u t - c o m p e n s a t i n g   c i r c u i t ,   and  e n a b l e s   an  e r r o r  

c o r r e c t i o n / r e v i s i o n   c i r c u i t   to  p r o p e r l y   o p e r a t e  

r e g a r d l e s s   of  the   d r o p o u t - c o m p e n s a t i o n .  

The  r e p r o d u c e d   d i g i t a l   s i g n a l   p r o c e s s i n g   s y s t e m  

a c c o r d i n g   to  the   i n v e n t i o n   is  c h a r a c t e r i z e d   b y  

c o m p r i s i n g   c i r c u i t   means   f o r   d e t e c t i n g   w h e t h e r   a  d i g i t a l  

a u d i o   s i g n a l   r e p r o d u c e d   t h r o u g h   the   d r o p o u t - c o m p e n s a t i o n  

c i r c u i t   is  d r o p o u t - c o m p e n s a t e d   or  n o t ,   and  c i r c u i t   m e a n s  

f o r   a d d i n g   an  e r r o r   p o i n t e r   to  a  r e p r o d u c e d   s i g n a l  

d e t e c t e d   as  b e i n g   d r o p o u t - c o m p e n s a t e d .  

The  d r o p o u t - c o m p e n s a t i o n   is  d e t e c t e d   in  a  m a n n e r  

t h a t   a  r e p r o d u c e d   d i g i t a l   s i g n a l   is  d e l a y e d   by  a  t i m e  

s u b s t a n t i a l l y   e q u a l   to  a  d e l a y   t ime   u s e d   in  the   d r o p o u t -  

c o m p e n s a t i o n   and  t h e n   b i t   p a t t e r n s   of  n o n - d e l a y e d   a n d  

d e l a y e d   d i g i t a l   s i g n a l s   a re   c o m p a r e d   w i t h   e a c h   o t h e r .  

A d v a n t a g e s   p r o v i d e d   by  the   p r e s e n t   i n v e n t i o n   r e s i -  

des   in  t h a t   an  e r r o r   c o r r e c t i o n / r e v i s i o n   c i r c u i t   c a n  

p r o p e r l y   r e v i s e   d a t a   whose   p r o b a b i l i t y   of  d r o p o u t -  

c o m p e n s a t i o n   is  g r e a t   and  p r e v e n t   an  e r r o n e o u s   c o r r e c -  

t i o n   of  o t h e r   e r r o n e o u s   d a t a .  

T h i s   i n v e n t i o n   can  be  more  f u l l y   u n d e r s t o o d   f r o m  

t h e   f o l l o w i n g   d e t a i l e d   d e s c r i p t i o n   when  t a k e n   in  c o n -  

j u n c t i o n   w i t h   t he   a c c o m p a n y i n g   d r a w i n g s ,   in  w h i c h :  

F i g .   1  is  a  d i a g r a m   u s e f u l   in  e x p l a i n i n g   t h e  

d r o p o u t - c o m p e n s a t i o n   of  d a t a   r e p r o d u c e d   t h r o u g h   a  

d r o p o u t - c o m p e n s a t i o n   c i r c u i t   f rom  a  r e c o r d i n g   e m d i u m ;  

F i g .   2  is  a  b l o c k   d i a g r a m   of  the   d r o p o u t -  

c o m p e n s a t i o n   c i r c u i t   u sed   in  a  c o n v e n t i o n a l   v i d e o   t a p e  

r e c o r d e r ;  

F i g .   3  is  a  b l o c k   d i a g r a m   of  a  r e p r o d u c e d   d i g i t a l  

s i g n a l   p r o c e s s i n g   s y s t e m   a c c o r d i n g   to  an  e m b o d i m e n t   o f  

t h i s   i n v e n t i o n ;  

F i g .   4  is  a  PCM  r e c o r d   d a t a   f o r m a t   to  w h i c h   a  d i g i -  

t a l   s i g n a l   p r o c e s s i n g   s y s t e m   a c c o r d i n g   to  a n o t h e r  



e m b o d i m e n t   of  t h i s   i n v e n t i o n   is  a p p l i e d ;  

F i g .   5  is  a  b l o c k   d i a g r a m   of  a  s y s t e m   fo r   f o r m i n g  

t h e   PCM  r e c o r d   d a t a   f o r m a t   shown  in  F i g .   4 ;  

F i g .   6  is  a  b l o c k   d i a g r a m   of  a  PCM  r e p r o d u c i n g  

s y s t e m   i n c l u d i n g   the   d i g i t a l   s i g n a l   p r o c e s s i n g   s y s t e m   o f  

t h i s   i n v e n t i o n ;  

F i g .   7  is   an  e r r o r   p o i n t e r   s i g n a l   a d d i n g   c i r c u i t  

u s e d   in  t he   s y s t e m   shown  in  F i g .   6 ;  

As  shown  in  F i g .   1,  PCM  s i g n a l s   may  be  r e c o r d e d   o n  

a  r e c o r d i n g   medium  in  s u c h   a  f o r m a t   t h a t   e i g h t   d a t a  

w o r d s   Dl  to  D8  (D9  to  D16)  h a v i n g   t h e   same  number   o f  

b i t s ,   r e s p e c t i v e l y ,   a re   f o l l o w e d   by  e r r o r - d e t e c t i n g  

c o d e s   or  p a r i t y - c h e c k   c o d e s   Cl  to  C8  (C8  to   C16)  w i t h i n  

one  h o r i z o n t a l   s c a n n i n g   l i n e   p e r i o d   (lH  p e r i o d ) .   I f   t h e  

d a t a   w o r d s   D13  and  D14  and  the   e r r o r - d e t e c t i n g   c o d e s   C13 

and  C14  on  t he   ( k + l ) t h   l i n e   a r e   d r o p p e d   o u t ,   t he   d a t a  

w o r d s   and  t he   e r r o r - d e t e c t i n g   c o d e s ,   r e s p e c t i v e l y ,   a r e  

i n t e r p o l a t e d   w i t h   t he   d a t a   w o r d s   D5  and  D6  and  t h e  

e r r o r - d e t e c t i n g   c o d e s   C5  and  C6  on  t h e   t t h   l i n e   b e f o r e  

1H  p e r i o d   by  a  d r o p o u t - c o m p e n s a t i n g   c i r c u i t   as  d e s c r i b e d  

l a t e r .   A c c o r d i n g l y ,   t he   d a t a   a r r a n g e m e n t   on  t he   ( l + 1 ) t h  

l i n e   b e c o m e s   g r e a t l y   d i f f e r e n t   f rom  t he   o r i g i n a l   d a t a  

a r r a n g e m e n t .  

For  t h i s   r e a s o n ,   a  PCM  r e p r o d u c i n g   a p p a r a t u s   i s  

r e q u i r e d   to   d e t e c t   t h a t   t he   d a t a   D5  and  D6  on  t h e  

( x + l ) t h   l i n e   have   b e e n   i n t e r p o l a t e d ,   and  r e v i s e   t h o s e  

d a t a .   In  t h i s   c a s e ,   h o w e v e r ,   t he   i n t e r p o l a t e d   d a t a   D5 

and  D6  a r e   f o l l o w e d   by  t he   c o r r e c t   e r r o r - d e t e c t i n g   c o d e s  

C5  and  C6,  w i t h   t he   r e s u l t   t h a t   no  e r r o r   is   d e t e c t e d .  

T h e r e f o r e ,   t he   PCM  r e c o r d i n g / r e p r o d u c i n g   a p p a r a t u s   i s  

d e s i r a b l y   c o n s t r u c t e d   to  be  a b l e   to  d e t e c t   t he   d r o p o u t -  

c o m p e n s a t i o n   and  r e v i s e   d a t a   whose   p r o b a b i l i t y   o f  

d r o p o u t - c o m p e n s a t i o n   is  g r e a t .  

T u r n i n g   now  to  F i g .   2,  t h e r e   is  shown  a  d r o p o u t  

c o m p e n s a t i o n   c i r c u i t   w h i c h   is  n o r m a l l y   i n c o r p o r a t e d   i n t o  

e x i s t i n g   v i d e o   t a p e   r e c o r d e r s .   The  d r o p o u t  o f   s i g n a l s  

a p p l i e d   to   an  i n p u t   t e r m i n a l   1  is  d e t e c t e d   by  a  d r o p o u t  



d e t e c t i n g   c i r c u i t   2.  When  no  d r o p o u t   is  d e t e c t e d ,   t h e  

s i g n a l s   a p p l i e d   to  t he   i n p u t   t e r m i n a l   1  a re   t r a n s f e r r e d  

to   an  o u t p u t   t e r m i n a l   4  t h r o u g h   a  s w i t c h   c i r c u i t   3.  On 

t h e   o t h e r   h a n d ,   when  the   d r o p o u t   is  d e t e c t e d ,   the   s w i t c h  

c i r c u i t   3  is  s w i t c h e d   to  a l l o w   o u t p u t   s i g n a l s   of  a  1H 

d e l a y   c i r c u i t   5  h a v i n g   an  i n p u t   c o n n e c t e d   to  the   o u t p u t  

of  s w i t c h   c i r c u i t   3  f o r   p r o v i d i n g   a  d e l a y   t i m e   of  o n e  

h o r i z o n t a l   s c a n n i n g   t o t a l   l i n e   p e r i o d   ( 6 3 . 5   µ)  to  b e  

d e l i v e r e d   to  the   o u t p u t   t e r m i n a l   4.  I t   w i l l   b e  

u n d e r s t o o d   t h a t ,   t h r o u g h   the   d r o p o u t - c o m p e n s a t i o n   c i r -  

c u i t ,   the   d r o p p e d - o u t   d a t a   words   D13  and  D14  a re   i n t e r -  

p o l a t e d   w i t h   the   d a t a   w o r d s   D5  and  D6  b e f o r e   one  h o r i -  

z o n t a l   s c a n n i n g   t o t a l   l i n e   p e r i o d .  

R e f e r r i n g   to  F i g .   3,  t h e r e   is  shown  a  PCM  r e p r o d u c -  

t i o n   a p p a r a t u s   w h i c h   i n c l u d e s   a  d i g i t a l   s i g n a l   p r o -  

c e s s i n g  s y s t e m   a c c o r d i n g   to  an  e m b o d i m e n t   of  t h i s   i n v e n -  

t i o n   and  is  a p p l i e d   to  t he   d a t a   f o r m a t   as  shown  in  F i g .  

1.  In  t h i s   f i g u r e ,   r e f e r e n c e   n u m e r a l   11  d e s i g n a t e s   a n  

e x i s t i n g   v i d e o   t a p e   r e c o r d e r   (VTR)  h a v i n g   a  d r o p o u t -  

c o m p e n s a t i o n   c i r c u i t   as  shown  in  F i g .   2.  The  PCM  a u d i o  

r e c o r d i n g / r e p r o d u c i n g   a p p a r a t u s   may  be  u s e d   in  t he   f o r m  

of  an  a d a p t o r   f o r   t he   e x i s t i n g   v i d e o   t a p e   r e c o r d e r .  

The  PCM  o u t p u t   s i g n a l   DiCi   r e p r o d u c e d   by  t he   v i d e o  

t a p e   r e c o r d e r   11  is  s u p p l i e d   t h r o u g h   a  d e m o d u l a t o r   c i r -  

c u i t   12  to  a  s e r i a l - p a r a l l e l   ( S / P )   c o n v e r t e r   13  w h e r e  

t h e   a r r a n g e m e n t   of  d a t a   is  c o n v e r t e d   f rom  a  s e r i a l   f o r m  

to   a  p a r a l l e l   f o r m .   The  o u t p u t   s i g n a l   DiCi   of  t he   d e m o -  

d u l a t o r   12  is  l ed   to  a  s w i t c h   c i r c u i t   14  w h e r e   i t   i s  

s e p a r a t e d   i n t o   a  d a t a   word  Di  and  an  e r r o r - d e t e c t i n g  

code   Ci.   The  d a t a   word  Di  is  a p p l i e d   to  a  p a r i t y   c a l c u -  

l a t o r   c i r c u i t   15.  The  p a r i t y   c a l c u l a t o r   c i r c u i t   15 

f o r m s   an  e r r o r - d e t e c t i n g   code   or  a  p a r i t y   b i t   C i '   on  t h e  

b a s i s   of  t he   d a t a   word  Di  s u p p l i e d .   The  e r r o r   d e t e c t i n g  

code   Ci '   is  f o r m e d   so  as   to  be  i d e n t i c a l   w i t h   t h e  

r e c o r d e d   e r r o r - d e t e c t i n g   code   Ci ,   when  the   r e p r o d u c e d  

d a t a   word  Di  has   no  e r r o r .   The  e r r o r - d e t e c t i n g   c o d e s  

C i '   and  Ci  a re   s u p p l i e d   to  a  c o m p a r a t o r   c i r c u i t   16.  As  



a  r e s u l t   of  t he   c o m p a r i s o n ,   when  the   Ci '   and  Ci  a r e  

c o i n c i d e n t   w i t h   e a c h   o t h e r ,   i t   is  c o n s i d e r e d   t h a t  

n e i t h e r   t h e   d a t a   word  Di  nor   t h e   d e t e c t i n g   code   Ci  is  i n  

e r r o r ,   and  t he   c o m p a r a t o r   c i r c u i t   16  p r o d u c e s   an  o u t p u t  

s i g n a l   Cei  of  a  l o g i c a l   l e v e l   0.  When  the   e r r o r  

d e t e c t i n g   c o d e s   C i '   and  Ci  a r e   no t   c o i n c i d e n t ,   i t   i s  

c o n s i d e r e d   t h a t   t he   d a t a   word  Di  a n d / o r   t he   d e t e c t i n g  

code   Ci  is   in  e r r o r ,   and  t he   c o m p a r a t o r   c i r c u i t   16  p r o -  

d u c e s   an  o u t p u t   s i g n a l   Cei  of  a  l o g i c a l   l e v e l   1.  T h e  

o u t p u t   s i g n a l   Cei  of  t he   c o m p a r a t o r   c i r c u i t   16  i s  

a p p l i e d   to   an  OR  c i r c u i t   1 7 .  

An  o u t p u t   s i g n a l   of  t he   S/P  c o n v e r t i n g   c i r c u i t   13  

is   a p p l i e d   to  a  d e l a y   c i r c u i t   18  w h e r e   i t   is  d e l a y e d   b y  

a  d e l a y   t i m e   u s e d   f o r   t h e   d r o p o u t - c o m p e n s a t i o n ,   i . e .   a  

d e l a y   t i m e   c o r r e s p o n d i n g   to  one  h o r i z o n t a l   s c a n n i n g   l i n e  

p e r i o d   ( l H ) .   The  o u t p u t   s i g n a l   of  t he   S /P   c o n v e r t i n g  

c i r c u i t   13  is   a p p l i e d   to   a  c o m p a r a t o r   c i r c u i t   19  w h e r e  

i t   is   c o m p a r e d   w i t h   t h e   d e l a y e d   o u t p u t   s i g n a l   f rom  t h e  

d e l a y   c i r c u i t   1 8 .  

In  t he   c a s e   of  a u d i o   i n f o r m a t i o n ,   t he   c o r r e l a t i o n  

b e t w e e n   s a m p l e s   s e p a r a t e d   f rom  e a c h   o t h e r   by  s e v e r a l  

w o r d s   is  s m a l l .   In  g e n e r a l   two  s a m p l e s   s e p a r a t e d   by  o n e  

h o r i z o n t a l   p e r i o d   a r e   n o t   c o i n c i d e n t   w i t h   e a c h   o t h e r  

e x c e p t   t h o s e   d r o p o u t - c o m p e n s a t e d .   When  t he   n o n - d e l a y e d  

s i g n a l   and  t h e   d e l a y e d   s i g n a l   a p p l i e d   to  t he   c o m p a r a t o r  

19  a r e   n o t   c o i n c i d e n t   w i t h   e a c h   o t h e r ,   i t   may  be  c o n -  

s i d e r e d   t h a t   no  d r o p o u t   c o m p e n s a t i o n   of  s i g n a l   is  m a d e .  

In  t h i s   c a s e ,   t he   c o m p a r a t o r   c i r c u i t   19  p r o d u c e s   an  o u t -  

p u t   s i g n a l   Si  of  a  l o g i c a l   l e v e l   0.  When  t he   two  s i g n a l s  

a p p l i e d   to   t h e   c o m p a r a t o r   18  a r e   c o i n c i d e n t   w i t h   e a c h  

o t h e r ,   i t   may  be  c o n s i d e r e d   t h a t   t he   d a t a   word  has   b e e n  

s u b j e c t e d   to  t he   d r o p o u t   c o m p e n s a t i o n   in  a  h i g h   p r o b a b i -  

l i t y ,   t h a t   i s ,   t he   d a t a   word  is  in  e r r o r .   In  t h i s   c a s e ,  

t h e   c o m p a r a t o r   c i r c u i t   19  p r o d u c e s   an  o u t p u t   s i g n a l   S i  

of  a  l o g i c a l   l e v e l   1.  The  o u t p u t   s i g n a l   Si  of  t h e  

c o m p a r a t o r   c i r c u i t   19  is  a p p l i e d   to  t he   OR  c i r c u i t   17 

t h r o u g h   an  AND  c i r c u i t   2 0 .  



The  r e a s o n   why  the   AND  c i r c u i t   20  is  used   f o l l o w s .  

T h e r e   is  a  c a s e   w h e r e   d i g i t a l   d a t a   w o r d s   of  a l l  O s   a r e  

r e c o r d e d   w i t h   one  h o r i z o n t a l   p e r i o d   a p a r t .   As  a  m a t t e r  

of  c o u r s e ,   the   d a t a   w o r d s   of  a l l  O s   a re   no t   d r o p o u t -  

c o m p e n s a t e d .   A l s o   in  t h i s   c o n d i t i o n   whe re   d a t a   w o r d s  

of  a l l  O s   a r e   s e p a r a t e d   by  one  h o r i z o n t a l   s c a n n i g   l i n e  

t i m e ,   the   c o m p a r a t o r   c i r c u i t   19  w i l l   p r o d u c e   an  o u t p u t  

s i g n a l   of  l o g i c a l   l e v e l   1  b e c a u s e   a  c o i n c i d e n c e   o c c u r s  

b e t w e e n   the   two  d a t a   w o r d s   of  a l l   Os.  In  t h i s   c a s e ,  

t he   AND  c i r c u i t   20  is  d i s a b l e d   by  an  o u t p u t   s i g n a l   o f  

l o g i c a l   l e v e l   0  of  an  OR  c i r c u i t   21  fo r   d e t e c t i n g   a n  

a l l - b i t - z e r o   d a t a   w o r d .   A c c o r d i n g l y ,   the   o u t p u t   s i g n a l  

Si  of  l o g i c a l   l e v e l   1  f rom  the   c o m p a r a t o r   c i r c u i t   19 

is   i n h i b i t e d   f rom  b e i n g   a p p l i e d   to  t he   OR  c i r c u i t   1 7 .  

I t   is  to  be  n o t e d   t h a t   c i r c u i t s   such   as  the   AND  c i r c u i t  

20  and  OR  c i r c u i t   21  a r e   p r o v i d e d   so  as  to  i n h i b i t   a n  

o u t p u t   s i g n a l   of  l o g i c a l   l e v e l   1  p r o d u c e d   by  the   c o m -  

p a r a t o r   19  to  a  s p e c i f i c   s t a t e   of  d a t a   w o r d s ,   s u c h   a s  

a l l - b i t - z e r o ,   f rom  b e i n g   a p p l i e d   to  an  e r r o r   c o r r e c t i o n  

c i r c u i t   t h r o u g h   the   OR  c i r c u i t   27  as  an  e r r o r   p o i n t e r  

s i g n a l .  

As  s e e n   f rom  the   f o r e g o i n g   d e s c r i p t i o n ,   t he   OR  c i r -  

c u i t   17  p r o d u c e s   an  o u t p u t   s i g n a l   e .   of  l o g i c a l   l e v e l   1 

r e p r e s e n t i n g   the   p r e s e n c e   of  e r r o r   when  a  r e p r o d u c e d  

d a t a   word  or  e r r o r - d e t e c t i n g   code   is  in  e r r o r   or  when  a  

r e p r o d u c e d   d a t a   word  has   been   d r o p o u t - c o m p e n s a t e d ,   a n d  

p r o d u c e s   an  o u t p u t   s i g n a l   e .   of  l o g i c a l   l e v e l   0  when  n o  

e r r o r   is  c o n t a i n e d   in  a  r e p r o d u c e d   d a t a   word  or  e r r o r -  

d e t e c t i n g   c o d e .  

The  o u t p u t   s i g n a l   of  t he   OR  c i r c u i t   17,   t o g e t h e r  

w i t h   t he   o u t p u t   s i g n a l   DiCi   f rom  t he   S/P  c o n v e r t i n g   c i r -  

c u i t   13,  is  a p p l i e d   to  an  e r r o r   c o r r e c t i o n / r e v i s i o n   c i r -  

c u i t   22.  When  the   e r r o r   c o r r e c t i o n   c o n t r o l   s i g n a l   o r  

e r r o r   p o i n t e r   s i g n a l   e i   f rom  the   OR  c i r c u i t   17,  w h i c h   i s  

to  be  a d d e d   to  t he   d a t a   word  Di  f rom  the   S/P  c o n v e r t e r  

13,   is  low  ( l o g i c   l e v e l   0 ) ,   the   d a t a   word  Di  is  s u p p l i e d  

to  an  o u t p u t   t e r m i n a l   23  w i t h o u t   b e i n g   s u b j e c t   t o  



c o r r e c t i o n   or  r e v i s i o n .   When  t h e   c o n t r o l   s i g n a l   e i  i s  

h i g h   ( l o g i c   l e v e l   1 ) ,   the   d a t a   word  Di  is  a p p l i e d   to  t h e  

o u t p u t   t e r m i n a l   23  a f t e r   b e i n g   c o r r e c t e d   or  r e v i s e d .  

The  d a t a   word  t a k e n   o u t   f rom  the   o u t p u t   t e r m i n a l   23  i s  

t h e n   s u b j e c t e d   to  d i g i t a l - t o - a n a l o g   c o n v e r s i o n   and  u s e d  

to   d r i v e   a  l o u d s p e a k e r .  

As  d e s c r i b e d   a b o v e ,   a c c o r d i n g   to  t he   p r e s e n t   i n v e n -  

t i o n ,   even   when  the   d r o p o u t   c o m p e n s a t i o n   is  made ,   a n  

e r r o r   p o i n t e r   s i g n a l   may  be  a d d e d   to  t he   d a t a   w o r d .  

The  c i r c u i t   of  F i g .   3  may  be  m o d i f i e d   s u c h   t h a t   t h e  

o u t p u t   s i g n a l s   of  t he   AND  c i r c u i t   20  and  the   c o m p a r a t o r  

c i r c u i t   16  a re   a p p l i e d   as  the   r e v i s i o n   c o n t r o l   s i g n a l  

and  the   c o r r e c t i o n   c o n t r o l   s i g n a l   to  t he   c o r r e c t i o n /  

r e v i s i o n   c i r c u i t   22,  w i t h   no  p r o v i s i o n   of  t he   OR  c i r c u i t  

16.   N a m e l y ,   t he   c o r r e c t i o n / r e v i s i o n   c i r c u i t   22  r e v i s e s  

t h e   d a t a   when  the   r e v i s i o n   c o n t r o l   s i g n a l   is  h i g h ,   a n d  

c o r r e c t s   t he   e r r o n e o u s   d a t a   word  when  t he   c o r r e c t i o n  

c o n t r o l   s i g n a l   is   h i g h .  

R e c e n t l y ,   a  PCM  a u d i o   r e c o r d i n g   r e p r o d u c t i n g   s y s t e m  

has   b e e n   s t a n d a r d i z e d   in  J a p a n ,   in  w h i c h   s i x   a u d i o   d a t a  

w o r d s   and  two  e r r o r - c o r r e c t i n g   w o r d s   or  p a r i t y   s i g n a l s   P 

and  Q,  w h i c h   c o o p e r a t e   to  fo rm  one  d a t a   b l o c k   w i t h i n   o n e  

h o r i z o n t a l   s c a n n i n g   l i n e   p e r i o d ,   a r e   s u b j e c t e d   to  a  

d e l a y   i n t e r l e a v i n g   b e f o r e   b e i n g   r e c o r d e d   and  s u b j e c t e d  

to   a  d e l a y   d e i n t e r l e a v i n g   a f t e r   b e i n g   r e p r o d u c e d .  

T h r o u g h   t he   i n t e r l e a v i n g   and  d e i n t e r l e a v i n g   p r o c e s s e s ,  

b u r s t   e r r o r s   o c c u r r i n g   in  one  d a t a  b l o c k   may  b e  

r e m a r k a b l y   r e d u c e d .  

F i g .   4  i l l u s t r a t e s   a  d a t a   a s s i g n m e n t   to  one  h o r i -  

z o n t a l   s e g m e n t .   I n t e r l e a v e d   d a t a   w o r d s   An,  Bn-3D,   A n + l -  

6D,  B n + 1 - 9 D ,   A n + 2 - 1 2 D ,   B n + 2 - 1 5 D ,   P n - 1 8 D ,   and  Qn-21D  a r e  

e a c h   f o r m e d   of  14  b i t s .   A  c y c l i c   r e d u n d a n c y   c h e c k   (CRC) 

code   is  f o r m e d   on  t h e   b a s i s   of  t h e   e i g h t   d a t a   w o r d s  

w i t h i n   one  d a t a   b l o c k   and  c o n s i s t s   of  16  b i t s .   An 

i n t e r v a l   b e t w e e n   t he   a d j a c e n t   h o r i z o n t a l   s y n c h r o n i z i n g  

s i g n a l s   HS,  t h a t   i s ,   t he   1H  p e r i o d ,   c o r r e s p o n d s   to  1 6 8  

b i t s .   The  i n t e r l e a v i n g   of  D  =  16  b l o c k s   (16H)  i s  



e q u i v a l e n t   to  the  word  i n t e r l e a v i n g   of  3D  =  48  w o r d s .  

In  the   F i g u r e ,   A  and   B  d e s i g n a t e   a u d i o   i n f o r m a t i o n   o n  

l e f t   and  r i g h t   c h a n n e l s ,   for   e x a m p l e .  

The  f o r m a t i o n   of  the   PCM  r e c o r d   s i g n a l   as  shown  i n  

F i g .   4  w i l l   be  d e s c r i b e d   r e f e r r i n g   to  F i g .   5.  The  i n p u t  

s i g n a l s   A  and  B  a p p l i e d   to  i n p u t   t e r m i n a l s   31  and  32  a r e  

m u l t i p l e x e d   by  a  m u l t i p l e x e r   33  in  a  t i m e - s h a r i n g   m a n n e r  

and  t h e n   a re   a l t e r n a t e l y   s u b j e c t e d   to  an  a n a l o g - t o -  

d i g i t a l   c o n v e r s i o n   by  an  a n a l o g - t o - d i g i t a l   (A/D)  c o n -  

v e r t e r   34.  Each  s a m p l e   of  the   a u d i o   i n f o r m a t i o n   s i g n a l  

is   c o n v e r t e d   i n t o   a  d i g i t a l   word  of  14  b i t s .   The  s e r i a l  

d a t a   words   d e r i v e d   f rom  the   A/D  c o n v e r t e r   34  a r e  

a r r a n g e d   i n t o   p a r a l l e l   d a t a   w o r d s   by  a  S/P  c o n v e r t e r   35  

and  s u b j e c t e d   to  a  t i m e - b a s e   c o m p r e s s i o n .   The  S/P   c o n -  

v e r t e r   35  p r o v i d e s   t h r e e   d a t a   words   f o r   e a c h   c h a n n e l ,  

i . e .   s i x   d a t a   words   An,  Bn,  An+1,  Bn+1,   An+2  and  Bn+2  

t o t a l l y .   The  d a t a   words   f rom  the   S/P  c o n v e r t e r   35  a r e  

a p p l i e d   to  a  p a r i t y   s i g n a l   f o r m i n g   c i r c u i t   36  to  f o r m  

e r r o r - c o r r e c t i n g   words   Pn  and  Qn  e a c h   c o n s i s t i n g   of  14  

b i t s .  

The  o u t p u t   d a t a   word  An  f rom  the   S/P  c o n v e r t i n g  

c i r c u i t   35  is  d i r e c t l y   a p p l i e d   to  a  p a r a l l e l - t o - s e r i a l  

( P / S )   c o n v e r t i n g   c i r c u i t   37  w h i l e   the   r e m a i n i n g   o u t p u t  

d a t a   words   and  the   e r r o r - c o r r e c t i n g   w o r d s   a re   a p p l i e d  

t h r o u g h   a  d e l a y   i n t e r l e a v i n g   c i r c u i t   38  to  t he   P/S  c o n -  

v e r t i n g   c i r c u i t   37.  The  d e l a y   i n t e r l e a v i n g   c i r c u i t   38 

is   so  c o n s t r u c t e d   as  to  p r o v i d e   t ime   d e l a y s   in  i n c r e -  

m e n t s   of  a  u n i t   d e l a y   a m o u n t   D  (=  16H)  to  the   d a t a   w o r d s  

Bn,  An+ l ,   Bn+1,  An+2,  Bn+2,  Pn  and  Qn  in  t h i s   o r d e r .  

T h e r e f o r e ,   s u p p l i e d   to  the   P/S  c o n v e r t e r   37  a r e   t h e  

i n t e r l e a v e d   d a t a   w o r d s   An,  Bn-3D,   A n + 1 - 6 D ,   B n + 1 - 9 D ,  

A n + 2 - 1 2 D ,   B n + 2 - 1 5 D ,   Pn-18D  and  Q n - 2 1 D .  

The  P/S  c o n v e r t i n g   c i r c u i t   37  a r r a n g e s   the   i n p u t  

d a t a   words   i n t o   a  s e r i a l   form  and  s u p p l i e s   the   s e r i a l  

d a t a   words   t h r o u g h   a  s w i t c h   c i r c u i t   39  to  a  m o d u l a t i o n  

c i r c u i t   40  in  the   o r d e r   of  An,  Bn-3D,   A n + 1 - 6 D ,   B n + 1 - 9 D ,  

A n + 2 - 1 2 D ,   B n + 2 - 1 5 D ,   Pn-18D  and  Qn-21D,   and  a l s o   to  a  CRC 



code   f o r m i n g   c i r c u i t   42.  A f t e r   t he   f i n a l   o u t p u t   d a t a  

word  Qn-21D  f rom  t he   P/S  c o n v e r t i n g   c i r c u i t   37  i s  

s u p p l i e d   to  the   m o d u l a t i o n   c i r c u i t   40,  t he   s w i t c h   c i r -  

c u i t   39  is  s w i t c h e d ,   so  t h a t   t he   CRC  code   of  16  b i t s  

g e n e r a g e d   by  the   c i r c u i t   42  is  s u p p l i e d   to  t he   m o d u l a -  

t i o n   c i r c u i t   40.  In  t h i s   way,  one  d a t a   b l o c k   is  f o r m e d .  

In  t he   m o d u l a t i o n   c i r c u i t   40,  the   d a t a   w o r d s   a r e   p r o -  

p e r l y   c o m b i n e d   w i t h   t e l e v i s i o n   s y n c h r o n i z i n g   s i g n a l s   a n d  

t h e n   a p p l i e d   t h r o u g h   an  o u t p u t   t e r m i n a l   41  to  a  PCM 

r e c o r d i n g   a p p a r a t u s   such   as  a  h o m e - u s e   v i d e o   t a p e  

r e c o r d e r   to  be  r e c o r d e d   on  a  r e c o r d i n g   medium  s u c h   as  a  

m a g n e t i c   t a p e .  

A  PCM  a u d i o   r e p r o d u c t i o n   s y s t e m   w i l l   be  d e s c r i b e d  

r e f e r r i n g   to  F i g .   6.  A  PCM  s i g n a l   r e p r o d u c e d   f rom  t h e  

m a g n e t i c   t a p e   by  the   v i d e o   t a p e   r e c o r d e r   is  a p p l i e d  

t h r o u g h   an  i n p u t   t e r m i n a l   51  to  a  w a v e - s h a p i n g   c i r c u i t  

52  w h e r e   t he   PCM  s i g n a l   is  w a v e - s h a p e d   and  the   d a t a  

w o r d s   a r e   e x t r a c t e d .   The  d a t a   w o r d s   a r e   a p p l i e d   to  a n  

S /P   c o n v e r t i n g   c i r c u i t   53  and  a  b l o c k   e r r o r - d e t e c t i n g  

c i r c u i t   54.  The  S/P  c o n v e r t i n g   c i r c u i t   53  a r r a n g e s  

e i g h t   s e r i a l   d a t a   w o r d s   An+21D,  Bn+18D,   A n + 1 + 1 2 D ,  

An+2+9D,   Bn+2+6D,   Pn+3D,  and  Qn  i n t o   a  p a r a l l e l   f o r m .  

The  b l o c k   e r r o r - d e t e c t i n g   c i r c u i t   d e t e c t s   a  b l o c k   e r r o r  

on  t he   b a s i s   of  t h e   CRC  c o d e ,   and  p r o d u c e s   an  e r r o r  

p o i n t e r   s i g n a l   Ep  w h i c h   g o e s   h i g h   ( l o g i c a l   l e v e l   1)  w h e n  

an  e r r o r   is   d e t e c t e d   and  g o e s   low  ( l o g i c a l   l e v e l   0)  w h e n  

no  e r r o r   i s   d e t e c t e d .   The  o u t p u t   d a t a   w o r d s   f rom  t h e  

S /P   c o n v e r t i n g   c i r c u i t   53  and  t he   e r r o r   p o i n t e r   s i g n a l  

Ep  f rom  t he   b l o c k   e r r o r - d e t e c t i n g   c i r c u i t   54  a r e  

s u p p l i e d   to  a  b u f f e r   memory  55  to  be  s u b j e c t e d   to   a  

t i m e - b a s e   e x p a n s i o n   and  j i t t e r   a b s o r p t i o n .   The  d a t a  

w o r d s   An+21D,   Bn+18D,   A n + l + 1 5 D ,   B n + l + 1 2 D ,   A n + 2 + 9 D ,  

Bn+2+6D  and  Pn+3D  f rom  t he   b u f f e r   memory  55  a r e   d e i n -  

t e r l e a v e d   by  a  d e i n t e r l e a v i n g   c i r c u i t   56  w i t h   a  d e l a y  

c h a r a c t e r i s t i c   w h i c h   is  c o m p l e m e n t a r y   to  t h a t   of  t h e  

i n t e r l e a v i n g   c i r c u i t   38  shown  in  F i g .   5.  No te   h e r e   t h a t  

t h e   d a t a   w o r d s   An,  Bn,  A n + l ,   Bn+1,   An+2,   and  Bn+2  a n d  



t h e   e r r o r - c o r r e c t i n g   word  Pn  f rom  the   d e i n t e r l e a v i n g  

c i r c u i t   56  and  the   e r r o r - c o r r e c t i n g   word  Qn  f rom  t h e  

b u f f e r   memory  55  a re   the   d a t a   words   and  the   e r r o r -  

c o r r e c t i n g   words   b e f o r e   i n t e r l e a v e d   in  F i g .   5 .  

The  d a t a   words   An,  Bn,  A n + l ,   Bn+1,   An+2,  Bn+2,   a n d  

t he   e r r o r - c o r r e c t i n g   words   Pn  and  Qn  a re   a p p l i e d   to  a n  

e r r o r - c o r r e c t i o n / r e v i s i o n   c o n t r o l   c i r c u i t   57  w h e r e  

s y n d r o m e s   a re   c a l c u l a t e d .  

The  e r r o r   p o i n t e r   s i g n a l   Ep  f rom  the   b u f f e r   m e m o r y  
55  is  s u p p l i e d   to  a  7  b i t   x  D  d e l a y   c i r c u i t   58  t h r o u g h  

an  OR  c i r c u i t   59.  The  d e l a y   c i r c u i t   58  is  c o m p r i s e d   o f  

s e v e n   o n e - b i t   d e l a y   c i r c u i t s   58A  to  58G  e a c h   h a v i n g   a  

d e l a y   t i m e   of  D,  w h i c h   a re   a r r a n g e d   in  p a r a l l e l   as  s h o w n  

in  F i g .   7.  The  e r r o r   p o i n t e r   s i g n a l   Ep  s u p p l i e d   t h r o u g h  

the   OR  c i r c u i t   59  is  s u p p l i e d   to  t he   d e l a y   c i r c u i t   58A 

and  is  a l s o   u sed   as  an  e r r o r   p o i n t e r   s i g n a l   QnEp  f o r   t h e  

e r r o r - c o r r e c t i n g   word  Q n .  

The  d e l a y   c i r c u i t s   58A  to  58G  a r e   so  a r r a n g e d   t h a t  

an  o u t p u t   of  a  d e l a y   c i r c u i t   is  c o u p l e d   to  an  i n p u t   o f  

a n o t h e r   d e l a y   c i r c u i t   d i s p o s e d   j u s t   above   the   f o r m e r   a s  

shown .   Wi th   such   a  c o n n e c t i o n ,   the   d e l a y   c i r c u i t s   58A 

to   58G  may  p r o v i d e   e r r o r   p o i n t e r   s i g n a l s ,   AnEp,  B n E p ,  

A n + l E p ,   B n + l E p ,   An+2Ep,   Bn+2Ep,   and  PnEp  to  the   s e v e n  

w o r d s   An,  Bn,  An+1,  B n + l ,   An+2,   Bn+2  and  Pn  c o n c u r r e n t l y  

a p p e a r i n g   a t   t he   o u t p u t s   of  t he   d e i n t e r l e a v i n g   c i r c u i t  

56.  T h i s   i n d i c a t e s   t h a t   when  the   b l o c k   e r r o r   d e t e c t i n g  

c i r c u i t   54  d e t e c t s   an  e r r o r   in  one  d a t a   b l o c k   c o n s i s t i n g  

of  An+21D,  Bn+18D,  A n + l + 1 5 D ,   B n + l + 1 2 D ,   An+2+9D,  B n + 2 + 6 D ,  

Pn+3D  and  Qn  e r r o r   p o i n t e r s   a re   a d d e d   to  t he   r e s p e c t i v e  

w o r d s   of  the   d a t a   b l o c k .   The  e r r o r   p o i n t e r   s i g n a l s   AnEp 

to  QnEp  a re   a p p l i e d   to  the   e r r o r   c o r r e c t i o n / r e v i s i o n  

c o n t r o l   c i r c u i t   57  w h e r e   an  e r r o r   p a t t e r n   of  the   w o r d s  

An  to  Qn  is  d e t e c t e d .  

The  a u d i o   d a t a   words   An  to  Bn+2  f rom  the   d e i n -  

t e r l e a v i n g   c i r c u i t   56  a r e   s u p p l i e d   to  a  m u l t i p l e x e r   c i r -  

c u i t   61  t h r o u g h   a  d e l a y   c i r c u i t   50  w h i c h   p r o v i d e s   a  

d e l a y   t ime   s u b s t a n t i a l l y   c o r r e s p o n d i n g   to  the   d e l a y   t i m e  



u s e d   f o r   t he   d r o p o u t   c o m p e n s a t i o n ,   i . e .   1H  p e r i o d .   I n  

p r a c t i c e ,   the   d e l a y   t ime   p r o v i d e d   by  the   d e l a y   c i r -  

c u i t   60  is  s o m e w h a t   l o n g e r   t h a n   the   1H  p e r i o d   due  to  t h e  

t i m e - b a s e   e x p a n s i o n .   In  t he   m u l t i p l e x e r   c i r c u i t   61,  t h e  

d a t a   w o r d s   a r e   m u l t i p l e x e d   in  a  t i m e - s h a r i n g   m a n n e r .  

The  d a t a   w o r d s   m u l t i p l e x e d   a r e   s e q u e n t i a l l y   s u p p l i e d   t o  

an  e r r o r   c o r r e c t i o n / r e v i s i o n   c i r c u i t   6 2 .  

The  e r r o r - c o r r e c t i n g   word  Qn  is  s u p p l i e d   f rom  t h e  

b u f f e r   memory  55  to  t he   1H  d e l a y   c i r c u i t   60  and  a  c o m -  

p a r a t o r   c i r c u i t   63.  The  c o m p a r a t o r   c i r c u i t   63  c o m p a r e s  
t h e   e r r o r - c o r r e c t i n g   word  Qn  w i t h   t he   e r r o r - c o r r e c t i n g  

word  Qn-3  d e l a y e d   by  t he   d e l a y   c i r c u i t   60.  As  a  r e s u l t  

of   c o m p a r i s o n ,   t he   c o m p a r a t o r   63  p r o d u c e s   an  o u t p u t  

s i g n a l   Si  w h i c h   g o e s   h i g h   when  a  c o i n c i d e n c e   o c c u r r s  

b e t w e e n   t h e   b i t   p a t t e r n s   of  t he   w o r d s   Qn  and  Qn-3  a n d  

g o e s   low  when  t he   c o i n c i d e n c e   d o e s   no t   o c c u r .  

The  o u t p u t   s i g n a l   Si  of  t he   c o m p a r a t o r   63  i s  

a p p l i e d   to   t he   e r r o r   c o r r e c t i o n / r e v i s i o n   c o n t r o l   c i r c u i t  

57  and  an  AND  c i r c u i t   64  h a v i n g   an  o u t p u t   c o n n e c t e d   t o  

t h e   OR  c i r c u i t   59.  The  AND  c i r c u i t   64  i s   e n a b l e d   o r  

d i s a b l e d   by  the   e r r o r   c o r r e c t i o n / r e v i s i o n   c o n t r o l   c i r -  

c u i t   5 7 .  

The  e r r o r   c o r r e c t i o n / r e v i s i o n   c o n t r o l   c i r c u i t   57  

c o n t r o l s   t he   e r r o r   c o r r e c t i o n / r e v i s i o n   c i r c u i t   62  so  a s  

to   c o r r e c t   or  r e v i s e   one  or  two  d a t a   w o r d s   h a v i n g   a n  

e r r o r   on  t he   b a s i s   of  an  e r r o r   p a t t e r n   i n d i c a t e d   by  t h e  

e r r o r   p o i n t e r   s i g n a l s   A n E p  -   QnEp  and  s y n d r o m e s   c a l c u -  

l a t e d   f rom  t he   w o r d s   An,  Bn,  A n + l ,   Bn+1,   An+2,   Bn+2,   P n  

and  Qn.  S i n c e   two  e r r o r - c o r r e c t i n g   w o r d s   a r e   u s e d ,   u p  

to   two  e r r o n e o u s   d a t a   may  be  c o r r e c t e d .   The  c o r r e c t i o n /  

r e v i s i o n   c i r c u i t   62  r e s p o n d s   to  a  c o r r e c t i n g   d a t a   w o r d  

Dc,  an  e r r o r   r e v i s i o n   command  s i g n a l   ER  and  an  e r r o r  

c o r r e c t i o n   command  s i g n a l   EC,  w h i c h   a r e   s u p p l i e d   f rom  t h e  

c o n t r o l   c i r c u i t   57,   to   c o r r e c t   or  r i v i s e   t he   e r r o n e o u s  

d a t a   word  s u p p l i e d   f rom  t he   m u l t i p l e x e r   61,  and  s u p p l i e s  

e r r o r - f r e e   d a t a   w o r d s   d i r e c t l y   to  a  u t i l i z a t i o n   c i r c u i t .  

The  e r r o n e o u s   d a t a   ( i n d i c a t e d   by  an  e r r o r   p o i n t e r  



s i g n a l )   is  c o r r e c t e d   by  u s i n g   the   o t h e r   c o r r e c t   d a t a  

w o r d s ,   and  the   e r r o r - c o r r e c t i n g   words   Pn  a n d / o r   Qn .  

A c c o r d i n g l y ,   in  c o r r e c t i n g   d a t a   words   i t   is  n e c e s s a r y   t o  

c h e c k   an  o u t p u t   s t a t e   of  the   c o m p a r i a t o r   c i r c u i t   6 3 .  

S u p p o s e   now  t h a t   an  e r r o n e o u s   d a t a   word  or  words   a m o n g  

t h e   d a t a   w o r d s   An  to  Bn+2  a r e   i n d i c a t e d   by  an  e r r o r  

p o i n t e r   s i g n a l   or  s i g n a l s   and  QnEp  =  0  ( t h e   e r r o r -  

c o r r e c t i n g   word  Qn  is  no t   in  e r r o r ) .   Under   t h i s   c o n -  

d i t i o n ,   when  the   o u t p u t   s i g n a l   Si  of  c o m p a r a t o r   63  i s  

low  t h e r e   a r i s e s   no  p r o b l e m   even   i f   the   e r r o n e o u s   d a t a  

is   c o r r e c t e d   u s i n g   the   e r r o r - c o r r e c t i n g   word  Qn.  On  t h e  

o t h e r   h a n d ,   when  the   o u t p u t   s i g n a l   Si  of  the   c o m p a r a t o r  

63  is  h i g h ,   t he   e r r o r - c o r r e c t i n g   word  Qn  has  b e e n  

p o s s i b l y   d r o p o u t - c o m p e n s a t e d   and  t h e r e f o r e   i f   t he   e r r o -  

n e o u s   d a t a   is  c o r r e c t e d   u s i n g   the   c o r r e c t i n g   word  Qn,  a n  

e r r o n e o u s   c o r r e c t i o n   w i l l   be  made.   H o w e v e r ,   in  t he   p r e -  

s e n t   i n v e n t i o n ,   t he   c o n t r o l   c i r c u i t   57  is  r e s p o n s i v e   t o  

t h e   o u t p u t   s t a t e   of  t he   c o m p a r a t o r   63  to  c a u s e   the   e r r o r  

c o r r e c t i o n / r e v i s i o n   c i r c u i t   62  to  r e v i s e   t he   e r r o n e o u s  

d a t a   word  i n s t e a d   of  c o r r e c t i n g   i t .   T h u s ,   in  s u c h   a  

c a s e ,   t h e   c o n t r o l   c i r c u i t   57  e n a b l e s   t he   AND  c i r c u i t  

64,   so  t h a t   t he   o u t p u t   s i g n a l   Si  of  l o g i c a l   l e v e l   1  f r o m  

t h e   c o m p a r a t o r   63  is  s u p p l i e d   t h r o u g h   the   OR  c i r c u i t   59 

to   t he   d e l a y   c i r c u i t   58.  In  o t h e r   w o r d s ,   e r r o r   p o i n t e r s  

may  be  a d d e d   to  t he   o t h e r   d a t a   w o r d s   in  a  d a t a   b l o c k   i n  

w h i c h   t h e   d r o p o u t - c o m p e n s a t e d   e r r o r - c o r r e c t i n g   word  Qn 

is   i n c l u d e d   f o r   t he   p u r p o s e   of  s u b s e q u e n t   c o r r e c t i o n   o r  

r e v i s i o n   of  t he   o t h e r   d a t a   w o r d s .  



1.  A  r e p r o d u c e d   d i g i t a l   a u d i o   i n f o r m a t i o n   s i g n a l  

p r o c e s s i n g   s y s t e m   u sed   w i t h   a  r e p r o d u c i n g   s y s t e m   h a v i n g  

a  d r o p o u t   c o m p e n s a t i o n   c i r c u i t   f o r   r e p r o d u c i n g   a u d i o  

i n f o r m a t i o n   s i g n a l s   r e c o r d e d   on  a  r e c o r d i n g   meidum  i n  

t h e   form  of  d i g i t a l   d a t a   words   t h r o u g h   s a i d   d r o p o u t   c o m -  

p e n s a t i o n   c i r c u i t   c h a r a c t e r i z e d   by  c o m p r i s i n g :  

d r o p o u t   c o m p e n s a t i o n   d e t e c t i n g   means   (18 ,   19,   2 0 ,  

21;  57,  60,  63,  64)  f o r   d e t e c t i n g   w h e t h e r   a  r e p r o d u c e d  

d i g i t a l   s i g n a l   is  d r o p o u t - c o m p e n s a t e d   or  n o t ;   a n d  

means   (17;   58,  59)  r e s p o n s i v e   to  s a i d   d r o p o u t  

d e t e c t i n g   means   to  add  an  e r r o r   p o i n t e r   s i g n a l   to  s a i d  

r e p r o d u c e d   d i g i t a l   s i g n a l   when  s a i d   r e p r o d u c e d   d i g i t a l  

s i g n a l   is  d e t e c t e d   as  b e i n g   d r o p o u t - c o m p e n s a t e d .  

2.  A  s y s t e m   a c c o r d i n g   to  c l a i m   1,  c h a r a c t e r i z e d   i n  

t h a t   s a i d   d r o p o u t   c o m p e n s a t i o n   d e t e c t i n g   means   i n c l u d e s  

a  d e l a y   c i r c u i t   (18 ,   60)  f o r   d e l a y i n g   a  r e p r o d u c e d   d i g i -  

t a l   s i g n a l   by  a  d e l a y   t i m e  u s e d   in  t he   d r o p o u t   c o m p e n -  

s a t i o n ,   and  a  c o m p a r a t o r   c i r c u i t   (19 ,   63)  f o r   c o m p a r i n g  

t h e   r e p r o d u c e d   d i g i t a l   s i g n a l   (Qn-3 )   d e l a y e d   by  s a i d  

d e l a y   c i r c u i t   w i t h   the   r e p r o d u c e d   d i g i t a l   s i g n a l   ( Q n )  

b e f o r e   b e i n g   d e l a y e d .  

3.  A  s y s t e m   a c c o r d i n g   to  c l a i m   2,  c h a r a c t e r i z e d   i n  

t h a t   s a i d   d e l a y   t i m e   is   s u b s t a n t i a l l y   e q u a l   to  one  h o r i -  

z o n t a l   s c a n n i n g   t o t a l   l i n e   t i m e   in  a  t e l e v i s i o n   s i g n a l .  

4.  A  PCM  r e c o r d i n g / r e p r o d u c i n g   s y s t e m   in  w h i c h   a  

p l u r a l i t y   of  d i g i t a l   w o r d s   d e l a y - i n t e r l e a v e d   and  a  

c y c l i c   r e d u n d a n c y   c h e c k   code  f o r m e d   on  t he   b a s i s   of  t h e  

d i g i t a l   w o r d s   a r e   r e c o r d e d   on  a  r e c o r d i n g   medium  in  o n e  

d a t a   b l o c k ,   t he   d a t a   b l o c k   is  r e p r o d u c e d   t h r o u g h   a  d r o -  

p o u t   c o m p e n s a t i o n   c i r c u i t ,   and  t he   d i g i t a l   w o r d s   r e p r o -  
d u c e d   a re   d e l a y - d e i n t e r l e a v e d   c h a r a c t e r i z e d   b y  

c o m p r i s i n g :  

d r o p o u t   c o m p e n s a t i o n   d e t e c t i n g   means   (57 ,   60,  6 3 ,  

64)  f o r   d e t e c t i n g   w h e t h e r   a  d a t a   b l o c k   is  d r o p o u t -  

c o m p e n s a t e d   or  no t   on  t he   b a s i s   of  one  d a t a   word  in  t h e  



r e p r o d u c e d   d a t a   b l o c k ;   a n d  

means   (58 ,   59)  r e s p o n s i v e   to  s a i d   d r o p o u t   c o m p e n -  
s a t i o n   d e t e c t i n g   means   to  add  an  e r r o r   p o i n t e r   s i g n a l   t o  

t h e   r e m a i n i n g   d a t a   words   w i t h i n   s a i d   d a t a   b l o c k   w h e n  

s a i d   d a t a   word  is  d e t e c t e d   as  b e i n g   d r o p o u t - c o m p e n s a t e d .  
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